Radiological methods have been used to assess the ossification stages of bones to estimate age and sex, but studies using the growth stages of organs such as the liver for identification purposes have not yet been performed. Liver weight increases with age, reaching a maximum between 41 and 50 years in men and between 51 and 60 years in women. Thereafter, above the age of 50 years, the liver weight decreases again, and the differences in liver weight between men and women are lost. For this reason, we have conducted this study in a population aged between 10 and 40 years. In this study, we attempted to find correlations between liver dimensions (from magnetic resonance imaging [MRI] images) and age and sex in an eastern Indian (Bengali) population. MRI images showing the liver were acquired from people aged between 10 and 40 years visiting the MRI Centre of Calcutta National Medical College. Liver MRI was acquired from 104 people. Chi-square tests showed a significant correlation between age and the mid hepatic point anteroposterior (MHP AP) dimension. However, there was no such significant correlation between age and maximum craniocaudal (Max CC) dimension or between age and maximum transverse dimension. The following discriminant function equation was derived (Df) = 0.
IntroductIon
Identification is one of the most important aspects of medicolegal identification. [1] The estimation of age and sex plays an important role for establishing identity. [2] In recent years, forensic science has demonstrated using radiological methods for age estimation and sex determination in living individuals. [3] Radiological methods have been mostly used to assess the ossification stages of bones, and studies using the growth stages of organs like the liver for identification purposes have not yet been performed.
In general, the liver is considered to be larger in males than in females, [4] with liver weight increasing with age, reaching a maximum between 41 and 50 years in men and 51 and 60 years in women; [4] thereafter, liver weight decreases. As this loss in liver weight starts earlier in men than women, the difference in liver weight between men and women is lost above the age of 50 years. For this reason, we used a population aged between 10 and 40 years.
In this study, we attempted to find relationships between liver dimensions measured on magnetic resonance imaging (MRI) and age and sex in an eastern Indian population using linear regression and discriminant analysis, respectively.
Methodology

Study subjects
This study was conducted on people visiting the MRI Centre of Calcutta National Medical College (CNMC). Ethical clearance
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Saikat Das 1 , Ritwik Ghosh 1 , Soumeek Chowdhuri 2 was obtained from the Ethics Committee of CNMC, and informed consent was obtained from the study individuals; the individuals did not receive any ionizing radiation from the procedures performed for this study. The study group consisted of 104 people (29 males and 75 females) aged between 10 and 40 years. None of the livers studied showed any pathological condition, and distorted MRI images were excluded from the analysis. Individuals with alcohol drinking habits were excluded.
Magnetic resonance imaging analysis
All MRI images were transferred to a commercially available workstation where they were studied using RadiAnt DICOM Viewer software, and the measurements were noted under the supervision of the center's radiologist.
The following liver measurements were noted from the abdominal MRI: 1. Mid hepatic point anteroposterior (MHP AP) 2. Maximum CC to liver tip (Max CC) 3. Maximum transverse dimension of the liver.
The plane of the horizontal component of the main portal vein was identified and used as a reference point for the measurements.
The MHP was defined as the point halfway between the mid vertebra and right lateral margin of the liver at the level of the main portal vein on a transverse section [ Figure 1 ]. The MHP AP measurement was taken from the anterior to the posterior margin of the liver at the level of the mid-hepatic point [ Figure 2 ]. The Max CC dimension was defined as the greatest obtainable craniocaudal (CC) dimension of the liver from the hepatic dome to the liver tip on coronal or sagittal reconstructed images [ Figure 3 ]. The maximum transverse dimension was the maximum measurement from the right to left margins of the liver at the level of the portal vein [ Figure 3 ].
Statistical analysis
Data analysis was performed using Statistical Package for Social Sciences software (IBM SPSS Statistics for Windows, Version 25.0. IBM Corp., Armonk, NY). Chi-square tests, linear regression, and discriminant function (Df) analysis were used in the study. P < 0.05
was considered statistically significant. Results are expressed in the form of tables, and similarities with other studies are discussed.
results
A total of 104 individuals were included in the analysis, with 29 being males and 75 females. The minimum age was 11 years, and the maximum age was 40 years.
The P value for the Chi-square test for the relationship between the MHP AP liver dimension and age was 0.041, indicating statistical significance [ Table 1 ]. Df analysis was performed to identify the variables best discriminating between males and females resulted in the following equation: Table 3 ] is, Df = 0.04 MHP AP + 0.006 Max CC + 0.031 Max Transverse -11.873 (Constant)
Df equation obtained [
The cutoff value = (0.612 − 0.237)/2 = 0.1875. Above the value of 0.1875, cases were predicted to be male, while below this value, they were predicted to be female [ Table 4 ]. Wilk's lambda for the model was 0.871 signifying moderate power to discriminate between the two sexes [ Table 5 ].
Overall, 60.6% of the sample was classified into the correct group by the model, as shown in Table 6 . Cross-validated results showed 59.6% of the cases to be correctly classified by this model. The formula obtained from the discriminant equation was validated. Univariate Df [ Table 7 ] was used to estimate the relative contribution of each variable to discrimination of sex.
dIscussIon
A previous study [5] validated the single hepatic measurements of MHP CC, Max CC, and MHP AP and their products as good indicators of hepatic size and a reliable method for comparing liver size on serial studies. Other indicators may also be used for radiographic measurements.
Our study was distinctive in that we used an organ for identification purposes. The results showed a significant relationship between age and the MHP AP liver dimension. The Df model also was shown to be useful for differentiating male and female individuals. We have used a method involving the identification of the ossification of bones on radiographs and here used a similar method involving liver images, which may be useful in cases of skeletal deformities or mutilation where the liver is still intact and can be examined. However, it should be kept in mind that a limitation of the liver measurement method is that it cannot be performed on dead bodies as the organ shrinks during decomposition. Otherwise, this method should be useful for confirming the age of people where there are doubts overage, and could also be useful in certain medicolegal cases. For example, under the POCSO Act 2012, the Indian government protects children below 18 years from sexual offenses. [6, 7] Every year in India, there is illegal immigration from neighboring countries, and many residents do not have registered birth certificates. For these reasons, our finding may be useful for confirming age.
The growth rates of the body vary between different ethnic groups; therefore, the results of this study, which was conducted on the Bengali population, cannot be generalized to other populations. Our study was the first of its kind to use radiographic measurements of organs to determine age and discriminate sex, and for this reason, we recommend conducting similar such studies on other populations to build a database in order for this method to be used for routine purposes, keeping in mind the expense of the procedure.
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